Abstract. This article formulates the new unified interpretation of the analysis of electromagnetic processes in the autonomous (usually resonant) inverters with power circuits having a serial RLC configuration either with or without free wheeling diodes. The investigation starts with clarifying the parameters of the inverter circuit by bringing the fourth order power network into such of a second order in a normalized form. On this basis the novel compendious relationships between the most important internal inverter parameters are given. A MATLAB program calculates and displays the frequency characteristics of both types of inverters and simulates their steady state. The results from characteristics and simulation confirm each other in many ways. They were also proved experimentally. The whole processed information helps better understanding and organizing intelligent design, measurement and control of the inverters for technological applications (induction heating).
INTRODUCTION
The voltage fed RLC inverter ( Fig. 1) , its dual counterpart the current fed RLC inverter and the serial RLC inverter without free-wheeling diodes (Fig. 2) cover a very wide range of practical autonomous inverter circuits generally applied in electronic technology [1] - [4] . In this case important and complex mutually connected problems are the accurate design of the power circuit, appropriate adjustment between the inverter and the load and adequate control providing stable, reliable and efficient operation of the converter when wide variations of the load are expected [5] - [7] .
The mathematical relationships between the parameters of the mentioned inverters are rather complicated [5] , [8] - [10] . It has been proved that all the quantities in these second order topologies depend on two variables -the ratio between the controlling angular frequency and the generalized angular frequency (frequency coefficient) I n n /      on one hand, and the ratio between the damping coefficient and the generalized angular frequency I n n /      of the power circuit, on the other. At the same time engineering practice in the area of the power electronics needs fast and accurate means for simultaneous solution of the already stated problems.
Fig. 1 Voltage fed RLC inverter
When, for oscillatory mode Fig. 2 A serial RLC inverter without free-wheeling diodes
THE INVERTER ANALYSIS IN THE STEADY STATE MODE
In contrast to the approaches used in [10] - [15] provided herein is a unified approach to the analysis, which alleviates the description of the behavior of the power circuit. A constant c i reflecting the type of the inverter is introduced, having values c i = +1 for the RLC inverter with free wheeling diodes (Fig. 1 ) or c i = 1 for the RLC inverter without free wheeling diodes (Fig. 2) .
The following designations are applied:
Then the inverter current and the voltage across the capacitor C i can be written in the following manner
The angle 20 // n          corresponding to the half period is determined from the controlling angular frequency 2f
  and the generalized frequency  . The parameters of the inverter circuit ( Fig. 1, Fig. 2 ) can be determined taking into account the initial conditions for the steady state 
Then the determination of the parameters follows. The parameter 00 / ( )
For the inverter in Fig. 1 only the angle 1
The generalized coefficient of hesitation is
It should be underlined that when calculating a and K for discontinuous inverter current mode for Fig. 2 02   must be equal to  in the already given expressions (8) and (10) .
The initial capacitor voltage is 0 0
The maximal voltage across the capacitor i C m U for Fig. 2 is also given by (11). For Fig. 1 it is given by
The expression for the coefficient 1 K is the same as (10), but the variable 2  is exchanged with 1
The normalized inverter current and capacitor voltage are respectively
The average value of the input current (all values are normalized) is
The RMS value of the inverter current is
The output characteristic ( Fig. 1 and Fig. 2 ) is
The characteristic of the coefficient of nonlinear distortion (klir -factor) of the inverter current is 22 (1)
[%] 100. '
where I'(m) (m = 1, 3, 5, 7...) is the m -th harmonic component of the inverter current.
(The mathematical expressions for calculation of the harmonic components in the different circuits and modes of operation are disparate, and rather complicated. They have been found and published in earlier authors' publications.) From that point on the analysis of the power inverter may be continued without problems in a normalized or in a non normalized form.
AN EXAMPLE WITH A SERIAL RESONANT INVERTER WITHOUT FREE WHEELING DIODES
A half bridge circuit (Fig. 3) is under study but it can be easily converted into the bridge one. The power losses in the inverter are neglected. The commutation of the power semiconductor devices is instantaneous. A parallel equivalent circuit represents the induction heater. The quality factor of the load circuit is sufficiently high that the voltage across the load has a close to the sine wave shape.
A MATLAB program processes all the mathematical information describing the steady state operation of the inverter in the allowed frequency range. The frequency characteristics of the inverter are obtained and graphically displayed in Fig. 4 . These particular characteristics correspond to a practically implemented inverter (PT1-100-2400) with the following data: 
Fig. 4 The inverter frequency characteristics
The stability and efficiency of the inverter can be studied from the characteristics. In general there is a minimum of the input current and power, load voltage, serial capacitor voltage and device voltage around the resonance of the load circuit. If the parameters of the inductor heater vary during the induction heating process it is advisable to maintain almost constant input current (power) in a slight capacitive detuning of the load circuit R l ,L l ,C l , where the operation is stable, by exercising an influence on the controlling frequency. The calculated slope of the frequency characteristic of the input current helps for determining the parameters of the closed loop automatic control system. The steady state is simulated by a MATLAB program based on the method described in [16] for direct determination of the steady state mode (in the case for the discontinuous inverter current mode) that is experimentally confirmed. The results from the frequency characteristics, from the simulation and from experiments are in good agreement according to Table I . That confirms the correctness of the whole study. The detailed simulation results of the power inverter are graphically displayed (Fig. 5) 
AN EXAMPLE WITH A SERIAL RESONANT INVERTER WITH FREE WHEELING DIODES
A real circuit is given in Fig. 7 . The inverter frequency characteristics are graphically displayed in Fig. 8 . They correspond to an inverter (PT2-50-4000) with: The increase of the controlling frequency leads to increase of the input current (power), load voltage, peak serial capacitor voltage and RMS value of the inverter current and to decrease of the circuit turn-off time. But around the load resonant frequency the character of most functions is opposite (inflexed points) and the changes of parameters are not so large. Therefore, if the load R l ,L l varies during the induction heating, it is advisable to maintain a resonance of the load circuit R l ,L l ,C l by influencing the controlling frequency. The results from the frequency characteristics, from the simulation of the steady state mode and from experiments are compared in Table 2 Fig. 9 The detailed simulation results at f 4000 Hz 
CONCLUSIONS
Serial RLC inverters with or without free wheeling diodes for induction heating are investigated. A novel unified interpretation of the electromagnetic processes is applied based on the previously calculated inverter network parameters in a normalized form. The frequency characteristics, the steady state simulation parameters and the experimental results are obtained and mutually confirmed. That proves the correctness of the whole study. The requirements for the control system are defined, which is useful for research on the type of offline simulation, hardware in the loop and rapid prototyping. The main contribution of the work is an approach to analysis of series RLC DC/AC converters for induction heating. This allows the creation of methods for engineering design that are simple, such as mathematical ones, but with sufficient precision for engineering practice.
